NTIA Report 13-491

Conducted and Radi at
Measurements of an U
Survelll ance

Robert T. J o
Frank H. Sand
Kri sE.Pavi s
Georfdy SAnder s
JohnEWan
Ronal d L. Ca
Steven Gunder s

report series

US.DEPARTMENT OF COMME R CEledomiNunications and Information Administration






NTIA Report 13-491

Conducted an&mRadi an
Measurements of an U

U.

S.

Survelll ance

Robert T. Jo

Frank H. San
Kri sg.BPavi s
Georfdy SAnder s

John D. E w a

Ronal d L. Ca

St evle@under son

DEPARTMENT OF CO

November 2012






DISCLAIMER

Certain commercial equipment and materials are identified in this report to specify adequately
the technical aspects of the reported results. In no case does such identification imply
recommendation or endorsement by the National Telecommunications and Information
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CONDUCTED AND RADIAT ED EMISSIONS MEASUREMENTS OF AN
ULTRAWIDEBAND SURVEI LLANCE RADAR

Robert T. Johnk, Frank H. Samdgristen Davis, Geofkey A. SandersJohn D. Ewan,
Ronald L. Carey Steven J. Gundersbn

We provide detailed descriptions icent measuremestonducted by the

National Telecommunications and Information Administratiostitute for
Telecommunication Sciences in Boulder, Colorado. ITS engineers performed a
comprehensivseries oboth conducted and radiatethission measuremeruas

the ShoreLine-intrusion-Monitoring System (SLIMS)The SLIMS system is
currently being developed by Tembomair® under the sponsorship of thiaval
FacilitiesEngineeringCommand.

Themeasuremenesults demonstratathlow levelsemissionghat are
consistentith existing U.Selectromagnetic compatibility requiremeaisda
low potential for causing terference to incumbent systems.

Key words: amplifier; antenna; bandwidtlealibration; duakidged horndish antenna, effective
isotropic radiated powefrequencydomain;oscilloscopepower;resolution;
spectrum analyzetime-domain; waveform

1 INTRODUCTION

1.1Background

The United States is currenfigcing increasinly significant security threatsind the
dangergo U.S. personnel and assets have increased significantly overseas and at home.
TheU.S. Department of DefensB@QD) needs taisesurveillance radars to detect and
identify intruders on the groun@hese systemsust be compatible with incumbent
electronic systems and not pose safety hazardther equipment or personnkel order

to ensure safe operatitimat complies with existopelectromagnetic compatibility
requirementsthe radiefrequency emissionsharacteristicef thesesurveillance systems
must be thoroughlynderstoodThe Institute for Telecommunication Scien¢8sS) of

the National Telecommunications and InformatiamAnistration(NTIA) possesses
unigue combination céngineeringexpertise, equipment, and facilities to measure and
evaluatethe radiefrequency (RF) performance of these systems

! The authors are with tHastitute for Telecommunication Sciences, National Telecommunications and Information
Administration, U.S. Department of Commerce, Boulder, CO 80305.
2 The author is with the Naval Facilities EngiriegrCommand, Port Hueneme, CA 93043.



TheNavalFacilities Engineering CommarnlAVFAC) is sponsoring the delsment

of an ultrawideband (UWB) radéncethat can trackandimage intrudersthe Shore

Line Intrusion Monitoring Syster(SLIMS). The radar consists of a distributed system of
autonomous transmit/receive modules mounted on poles, which are deplayeditiaeo
perimeterof a facility to be protected. The number of poles and modules varies
depending on the coverage needed. There are currently plapesrade SLIMS at

Whidbey Island Naval Air Station, Washingtda provide perimeter securignd the

U.S. Department of Energy (DOE)currently experimenting with SLIMS at one of its
facilities.

At the request of NAVFACITS engineerperformeda comprehensive set of emissions
measurements on a shortened pole structure containing a single radar MAMHAC

wants to ensurehat their systentransmits levels that fall beloNTIA and Federal
Communications CommissioRCC) UWB radiatedemissions limitsand that their

system is safe to operal@S coordinaté with electromagnetic compatibility (EMC)
engneersatthe Naval Surface Warfare Center (NSWi€Pahlgren, Virginia tensure

that the system does not constitute an electromagnetic radiation hazard to either personnel
or ordinancHERPHERO)

1.2ITS EMC Tests

During the period of October, 2041lne, P12 a team of TS engineerperformed a series of
EMC tests on austom designed SLIMS systaronsisting of a shortened dielectric pole and a
singlemodelP400ultrawidebandadarmodule, which isnanufactured bffime Domair®

(TDC Acquisition Holdings, lo. (TDC)).

Two types of tests were performédd:hadline conducte@missionsand 2) radiateémissions
measurement®Ve performed &ull suite offrequencydomain measurements using a spectrum
analyzeraswell as a set of fulbandwidth measurements usia¢ighspeed oscilloscop&ve
carried out the spectrumeasurements using an Agilent PXA 903€ignal analyzeconfigured
as a spectrum alyaer. We used dektronix TDS 6124C high speed rdshe oscilloscope

(BW = 12 GHz)to capture timalomain records

We carried out the conducted measurements by connectiRgl@rltrawidebandadarmodule
to eitherthe spectrumanalyzer or the oscilloscope usiaghort section dbw-loss, precision
microwave cableWe performed gectrummeasurements over a freqagmange of 115 GHz
with a range of resolution bandwidths extending from 100 tket&zMHz and we used both peak
and average detectiowe also captured timeomain records with the oscilloscope to
investigate the structure of the UWB radar wavefoFhe ime-domainsignal properties were
used to set thimstrumentparametes for the spectrum analyzer measurements.

We performed theadiated measuremeraser a frequency range of 14 GHzinsidea fully
anechoic chamber at tieepartment of Commerdgoulder Laboratoriesampusn Boulder,
Colorado. The chamber provila high level of RF shieldindow noise,and a low level of
spurious reflectiondt is anidealfacility for precision radiated measurements of-lewel UWB



signals.We carried outhe same types a&pectrum and timdomain measurements using the
same instrument settings as were used in the conducted measurements.

We performed a complete suite of measurements in both theamdefrequencyglomains. We
used the spectrum analyzer tofpemn sweptfrequency emissions measurements at selected
transmitter/receiver separationsjnvestigate the effects of the weatpeotective radomeand
to perform a series of pattern measurements in both azimuth and elexa@ected
frequenciesWe used both peak and average detector settiiggperformed a series of zero
span, timedomain envelope measurements using the spectrum analyzer for a number of
resolution bandwidth (RBW) settings at selected frequeniciesldition, we also capturedl| -
bandwidth time-domain waveformstaeveral distances using the higfreed oscilloscop&Ve
studied the effects of two different candidate radome materialgpevitemed swepfrequency
spectrum analyzer measuremeattéixed azimuth anglessing both pdaand average detection

The measurements indicate that the SLIMS sys$tagradiated emission levels below selected
NTIA andFCC emissions limits



2 CONDUCTED EMISSIONS MEASUREMENTS

We carried out the conducted measurements by connecting the P400 thdasigoal analyzer

or the oscilloscope using lel@ss, precision microwave cablesing the setup shown in Figare

1 and2. The P400 radawasconnected directly to either a spectrum analyzer or aspged
oscilloscope. Both the spectrum analyzer and the oscilloscope provagsmeoximatéd0 W
termination. We perfoned spectrunanalyzemeasurements over a frequency range of

11 15 GHz at resolution bandwidths of 1, 3 and 8 MHz using both peak and average detection.
We performed additional measurements in the rangé®31z with resolution bandwidths of
0.1, 0.3, 13, and 8 MHz. We also captured 12 GHz bandwidth waveforms with record lengths
of 40 usec and 400 msec using the oscilloscope. The results are preseseetiars 3 and4 of

this report.

The conducted measuremeatsble uso estimate either the tiromain waveform or the
frequencydomain spectrum amplitude the P400 radaantenna terminals. The NTIanual
of Regulations and Procedures for FeddRaldio Frequency Managemedifited Bool [1]
requires conducted measurementsdtimate the emissions parameters.

g
P400 LowLoss
Radar Microwave
Cable Spectrum Analyzer
or
Oscilloscope

Figurel. Schematic of the tesetup for the conducted emissions measurements.

Figure2. Conducted test setup with a spectrum analyzer.



2.1Wideband Time-Domain Conductd Results

A thorough understandingf the timedomain character of the radar waveform is a prerequisite
for the proper characterizatiaf its spectum propertiesWe used a higspeed oscilloscope

with the setu@s diagrammed iRigurel to measure th&ull-bandwidthwaveform

characteristics aheP400 radarThe signalwasfed to theoscilloscope through a short section
of low-loss transmission 50 coaxial line We capturedwo waveforms using both a higpeed
and a slowespeed sampling rat&he first record was®us long and was sampled atade of

one sample pdd.625ps in order to capture fast events éind detail.

Figure3 shows the fundamental wavelet that was captured in this mode. The wavelet is an
oscillating sinusoid with variable amplitude and a downward chirp in frequ&heywavelet
durationis approximatéy 2.2 nswith a peak amplitude atbout 2 V. Figure4 depicts two
successive waveletaptured in the higgpeed mode. The wavelets have a time separation of
approximately57.5 ns between thefe then acquired a much longer 400 ms record at a
sampling interval of 0.2us in order to capture the global macroscopic behavior of the waveform.
At this interval, the waveforrwasundersampled, buits macroscopicharacteristicsvere
discernible Figure5 depicts two complete P400 bursts, each of which contains approximately
400000 waveletsTheduration of each burst is 24 na)dtime separation between the bursts is
0.265 secondsdt wasthis large-scale wavefan burstbehavior thatlictatedthe spectrum

analyzer settings.

We did consider trying to captuaefull-fidelity P400 burst using the oscilloscope. However,
capturing a 24 ms segment at one sample per 0.626ydd havegreatly exceeded thraemory
capadiy of the oscilloscopéle thereforeeoncentrated on the capturepafrtial records to
understand the key waveform parameters and global waveform structure.
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Figure3. The fundamental SLIMS pulse wavefoaibtainedwith ahigh-speed oscilloscope.
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2.2Influence of the Number of Bursts on SweptMeasurements

For the conducted measurements, we used the stebuyn inFigures 1 and2. We configured
the spectrum analyzer thesweptfrequencymode We performed measurements with both
peak and averagketector setting2]i [4].

In a full deployment, the SLIMS system operates the radar modules in-ditiisien multiple

access (TDMA) modend each module transmsibursts. Thigplaces special demands on the
spectrum analyzer measurements. There are two conditions that must be met. First, for a given
number of frequency bins (or buckets), the resolution bandwidth (RBW) must berssththe

bin width to ensure there are no gaps in the scanned frequency range.lfpea®tite spectrum
analyzer sweeps across a specified frequency range, one or more burstsprastdsedvithin

a givenbin duringeachscan.

We measured thepectrum analyzeesponse to the P400 signal. We set the RBWMHz and
sweptoverthe frequency range of 3008000 MHz. We themdjustedhe sweep timeto capture
1,2,3 and 4 TDMA burstper spectrum analyzer frequency biom the P40Gadar We set the
sweep time to be an integer multiple of thedamentaburst period of 0.265 secondabe 1
summarizes theequiredspectrum analyzer sweep times.

Table 1. Sweep times for the spectrum analyzer s{@Q0 6000 MHz)

Number of Sweep Time
Bursts (sec)
1 795
2 1590
3 2385
4 3180

Figure6 shows the peakletected power as a functiontbé number of bursts. The measured
results exhibit noisy behavior as a function of frequency. A steady reduction in signal variations
is seen amore bursts are included in each of the frequency bins. The corresponding average
detected results are shownFigure7. Average detection yields much smoother rsstilan

peak detectiorsince all of the data within each frequency bin is averaged. In the case of peak
detection, only the maximwmpowerpoint within eachbin is displayedAs a tradeoff between
accuracy and measurement time, @ecided that measuritgo bursts would provide good
peakdetected results with variations on the order of 1.® dB and averageletected results

with variations of less than 0.5 dB. The use of two bursts also resulted in sweep tirkeptthat
uswithin the time constraintae had on the use of the anechoic chamber
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2.3Frequency-Domain Conducted Measurements

2.3.1Spectrum Analyzer Settings

We carried out a series of conducted measurements using an AgGBER PXA signal

analyzer. We configured it to operate in the spectrum analyzer mode and to perform swept
frequency measurements over selected frequency raf@essed both peadnd average

detection and for our measurements. In order to assess interference potential to a wide variety of
systemsve measured at five different resolution bandwidéhs; 0.3, 1, 3, and 8 MH¥Ve

configured the instrument to capture two buvgithin each frequecy bins during a sweep. This
required a dwell time of 03s per frequency bin during the swe@pble2 summarizes the

required sweep times for various RBW#&e swep time is computed from the formula

YO 'QOEIOQ G ™ a (1)

Equation(1) is based on a burst interval of 0.265 s and measuring two bursts in eachdsequen
bin. Thespectrum analyzesan measure up to 40000 frequgrimins,andit has a maximum

sweep time of 4000 s. This sweep time limitation made it neceisssoyne case® subdivide

the measuremesinto either two or four bands, depending on the range of frequenciasathat
neededThetotal sweep times ranged from just over 2 minwtés an 8 MHz RBW to a
maximum of 2 hours and 56 minutegh RBW =100 kHz.Table2 provides a summary of the
spectrum analyzer settings that we used for this study.

Table2. Spectrum analyzer sweep times.

Resolution Frequency Range Number of
Bandwidth (MHz) Frequency Bins Sweep Time (sec)
100 kHz 30005000 20000 (4 bands) 10600 (4 bands)
300 kHz 30005000 6667 3533
1 MHz 300015000 2000 1061
1MHz 100015000 14000 (2 bands) 7420 (2 bands)
3MHz 30005000 667 354
3 MHz 100015000 4667 2474
8 MHz 300015000 250 133
8 MHz 100015000 1750 930

2.3.2Conducted SweptFrequency Results

We performed series of conducted measurements on the P400 radar in thdregephcy
mode using the settinghlown inTable2.

The measured data are summarized in Fig8iré%. Table3 providesa compendium of the
maximum emissioffrequencies and levels fire two detection modeshe maximum emission
power level is denoted byRAnd the associated frequency RyWith a resolution bandwidth of



1 MHz, the peakemissiors maximum occus at 3935 MHz and theorrespondin@verage
emissions maximum occurs 2842 MHz. This difference is primarily due toeasurement
uncertainties. The 3 dB bandwidth of the average emissions spectrum£RBWAHz) is

508 MHz. Wedo see cas¢o-case variations in thecations of thenaxima due to the
combinationof measurement uectainties andhe complex structure of the emissions spectrum
Smoothercharacteristics are sewith average detection since multiple samples are averaged
within each spectrum analyzer frequency. bin

In thepeak detectiomode only one sample is us@tleach frequency bjrresulting in larger
measuremenincertaintiesthisresults inamoreii h a s h'y 0  aVyesexar tess mmpétude
variation in the vicinity of the maximum withe 3 and 8 MHzZbandwidthghan at the narrower
settings The variationglo increase somewhat RBW= 1 MHz, but quickly become larger at
0.3and0.1 MHz.This is due to theombination oimultiple periodicities of the P400 radar and
the complex modulatiorf.he finer resolution bandwidths provide mesteuctureand detailThe
wider resolution bandwidthacorporate more spectral lineend wecannotresolvethefiner
spectral characteristics.

For resolutiorbandwidths of 13 and 8 MHz, the peak emissicagproximately followa
progressiomgiven by:p ™ ¢ "Q¥ & w0 "Oa . This is not the case aarrower bandwidths

(RBW =0.3and0.1 MH2) where we begin tesee more features tife line spectrunrlhe results
indicate thatlile combination of timing between the successive impulses and bursts, combined
with a sophisticatedadar modulationgeneratea complicated spectral structure.
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Table3. Summary of maximum peak and average emissions levekssandiateeakto-

average values for P400 radar.

Peakto-
RBW MHz | fi, peaxkMHZ | Pry peadBm | iy avsMHZ | Py peaxdBm | average dB
8.0 3874 -17.2 3938 -38.0 20.8
3.0 3940 -22.2 3943 -41.6 19.4
1.0 3935 -28.0 3942 -46.2 18.2
0.3 3973 -32.4 3957 -47.9 15.5
0.1 3939 -35.2 3921 -47.8 12.6

2.3.3Conducted Emissions Characteristicsaand Emissions Designator

We performed a detailed analysis of tomducted signal analyzer emissialasabased on

criteria provided in the NTIARedBook[1]. Annex K of theRedBook defines the technical
criteria for the characterization of UWB devices. Section K8Xéquires that emissions
measurements with a spectrum analyzer be made with RB\MHz andaveragedetection.
Section 10.8.6f the Red Boolspecifies that the transmitter characteristics basmesd at the
antenna terminals. On this basis, wedusgr ®nducted measurements to characterize the P400
emissions and to develop an applicable emissions designator.

There are two distinct frequenci@scatedbelow and above thieequency of themissions
peak that are aspecifiednumber of decibels below tipeaklevel. We denote these frequencies
FLxewandFy xaer espectively. The subscri pmaxinund denot e

12



(this value is typically 10, 20, or 40 dBjh addition we define a bandwidth based on these
values as

60 O O . )

Section K.3.6.1 of the NTIA Red Book uses the 10 dB points to difineenter frequency and
the fractional bandwidth of UWB devices as follows

0 0
"O L L. (3)
. . C
and
0 0
@6 6 e (4)
O. . O.

whereF. 10 gg iS the center frequency ag@BWis the fractional bandwidtlEaquation(4) has the
additional constraint that tH dB bandwidth of the UWB signalust begreater than
500MHz, which is the cas#or the P400 radar

There are two additional quantitiggat we considr. The first is the totaleceivedsignal power
which is obtained by summing the received spectrum angbgzeerover all of the frequency
bins as follows:

0 0 'Q ()

whereP( f;) is the measured power in thik frequency bin of the spectrum analyzer, &agand
fmaxdenote the minimum and maximum frequglimits of the sweep.

Thenext quantitys the occupied bandwidtBection 6.1.1 of the Red Book defines this as the
ratio of the mean power of the signal outside of the frequency faadef ¢ focu to the mean
power contaiad within this bandwidthThe selection of the lower and uppeequenciegfocL
andf,cy) determine the amount of signal power outside of this range.

In terms of our swegftequency measuremeraser a frequency range i, ¢ f ¢ fnax, this ratio
is given by

Y . (6)
B

In an actual computation, we adjfigt andthenf,.yso that each summation in the numerator is
a specified fractionf{2) of the denominatolVe typically setb/2 = 0.005, so that the signal
power outside of the occupied bandwidth is 1% of the total measured (ywer 0.01).
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Based orthe lowpower conducted spectrum analyzerasurements witveragedetectionand
anRBW =1.0 MHz the P400 raddnas the following signal characteristics:

1) Location and power of the signal maximuB®42MHz, -46.2 dBm

2) Center frequency based on (Q: ~ =4421 MHz

3) Fractional bandwidth based on (8):0 ¢x 0.435 (43.5%)

4) 3dB points and bandwidth: 3678 MHz, 41864z,0 w =508 MHz

5) 10dB points and bandwidth433 MHz,5372 MHz,6 @  =1919MHz

6) 20dB points and bandwidth: 3180 MHz, 5878 Mildzo = 2698MHz

7) 40dB points and bandwidth: 2057 MHz, 5878 Midz(w = 2698MHz

8) Occupied bandwidtBWie= focu- foc = 3279 MHz Roc= 0.01, 0.5%criterion)
9) Total conductegpowerd =1.95e5 W, -17.1 dBm (average detection)

The total power is computed by summing over the measurede&tsin each of the spectrum
analyzer frequency bins. In this case summed over 14000 frequency bins which covered the
entire I 15 GHzrange.

The emissions designatbas two primary componentk) the necessary bandwidth, and 2) the

emission classification symbogection K.3.6.1 of the NTIA Red Book defines the necessary
bandwidthasthe 10 dB bandwidth which is 1919 MHar the SLiMSsignal The first part of

the emissions designatisrgiven by 1G92 which represents the necessary bandwidth of 1.92

GHz. The enssions designatoris VI h e r e t h dendtes putsetransmidsidn, the

number 6106 dendtes td dimggltealclsaapdsdoidata and t he
transmission. The proposed emissions designator, therefore, is 1G92V1D.

2.4 Zero-Span Spectrum Analyzer Measurements

We performed a series of conducted measurements with the spectrum asefyadte zere

span mode. In this mode, the frequency is fixed and data are acquired in tdernaie for

three different resolution bandwidths: 100 kHz, 1 MHz and 8 MHz. We set the analyzer for peak
detection, 1000 display points, and a sweep time of W\8tk.these settings, the spectrum

analyzer displays the tirrdomain envelope of the sign&lince he resolution bandwidtrere
muchsmaller than th&LiMS UWB signal bandwidth, theastwaveformtransitionsarenot seen

in theslower response of the analyZEfrfilter.

Figuresl2i 15 depict the zersgpan measurementsaghter frequencies 000, 39505000, and
6000 MHz. They are plotted for a 0.8 s time interval to capgtuscomplete bursts of the
radar. The results have the same global structure thawwith the highspeed oscilloscope
measurement©nce againye see burst width of 2 ms and a repition rate of 0.265 s. The
zerospanresults are the envelope of the SLIMS waveform with little additional detail. The
resulting pulse amplitudes are a function of both the RBW and the analyzer RF frequency
setting.Theenvelopeamplitudesdo increase with the IF filter bandwidtat a rate of
approximatelyp 1 ¢ "Q6 w . The maximum pulse amplitudesccur at 3950 MHz which is
located near threquency of the maximummissiondevel.
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3 RADIATED EMISSIONS MEASUREMENTS

3.1 Methodology and Overview

We carried out the radiated measurements inside a fully anechoic chamblescribed above.
Thechambetesting configuration is showsthematicallyn Figure16. It wascomprised of a
SLiIMS short pole mounted on a moveable caith a multipleaxis positioner and a fixed
receiving systemrhe receiving system consstof an antena mounted on a fiberglass pole
which, in turn, fed a signal to either an oscilloscope or a spectrum analyzer. The feed network
had two coaxial cables connected in series with atmise amplifier (LNA).The separatiarD,
between the transmitting and rageg antennasvasvaried over the range of 2 m.

D

<

Rx
Antenna

I R SLIMS
Pole

Spectrum Analyzer Positioner

or -—
Oscilloscope E—

Figurel6. Test setup for radiated emissions measurements.

3.2Antenna and Radome Configurations

We used two different receiving antennas. The Was$ an Antenna ResearBhsociategARA)
parabolic dish with a logeriodic dipole array feeshown inFigure17. The antenna lika
diameter of 9m and ananufacturespecifiedfrequency ange of 118 GHz.We also used an
ElectroMetricsduatridged horn (DRH) antenna shownkigure18, which also hadra
operationafrequency range ofill8 GHz. We usethe two antenna types to cregseck our
emissions measurements and to verifyfi@id conditions. However, the majority of radiated
measurements were performed using the dish antenna due to its higher gain.

Thereceivingantenna output was fed intdvd TEQ low-noise amplifier (LNA) with a nominal
gain of 25 dB, a noise figui 4.5 dB, and &pecified frequency range of 18 GHz. We routed
the LNA output to either the oscilloscopetothe spectrunanalyzermsing lowloss precision
microwave cable The cabldrom the LNAwasroutedthrough a small aperture in the chamber
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wall to the receiving equipment outside. This provided a high leyalatéctionfrom ambient
RF sgnalsoutsidethe chamber.

On the transmitting side,evnstalledthe P400 radanside a shortened SLIMS pole and placed it
on a moveable cart with a multipéis antenngositioner We used two differerdeployments

1) an offcenter configuration and 2) a centered configurafitwe.off-centered configuratign
shown inFigurel7, consisted of a straight section of seigid coaxial cable connected directly
to a printeecircuit antenna. Due to the combinatiointhe straightcable and the pdson of the
transmitting port, the antenna was displaBdtcm awayfrom thegeometriccenter of the

SLIMS short poleSince the oHcenter configuration exhibited significant pattern asymmetries,
we also deployedhe P400 antenna ithe centered anteneanfigurationshown inFigurel18. In

this casewe used a bersection of semrigid cable to connect the P400 to the antenna element.
The outer surface of the interconnecting cable alsscovered with an EMbuppressing
dielectricmaterial to reduce commeanode currentand to maintain better pattern contibhis
centered configuration providémproved pattersymmetry(see Section8.8, 3.9,and 3.12.

We performed emissions tests with) an uncoveregole (Figures17 and18), 2) coveredwith a
3 mm thickPVC plasticcylinderwith a camouflaged patteasshown in Figure 19 and20, and
3) covered witha 7 mm thicksection of blackABS plasticpipe asshown inFigure21.

Figurel7. Off-center antenna configuration. The P4@d &he printeetircuit antenna are
connectedy a straight section of 50 semirigid coaxial cable.
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Figure18. Centereehntenna configuration. The P400 and prirteduit antenna are connected
by a bent section of 50 semirigid coaxial cable. The cable is covered with an EMI
suppressing jacket. The antenna is supported by a dielectric spider mount.

Figure19. SLIMS pole 3 m emissions measurement setup with a dish receiving antenna.
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Figure20. SLIMS pole 3 m emissions measurement setup WRRH receiving antennwith a
3 mm thickcamouflaged PV® radome.

Figure21. SIiIMS pole witha 7 mm thickblack ABS radome.
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3.3Measurement Instrumentation

We usedthree instruments in the radiated emissions measurements:

1 A spectrum analyzer
1 A high-speed reatime digitizing oscilloscope
1 A vector network analyzer for feed line and antenna calibrations

We used botlthe spectrum analyzer anle oscilloscopen Figure22to receive the radar
signals. The spectrum analyzer was used for the majority of the measuraifeperformed
sweptfrequency measurements, pattern measents, and zergpan measuremenighe
spectrum analyzer settings were identical to those used in the conducted measusements (
Section2.3.1). We usedthe osdloscope in a more limited rol® capture fullbandwidth time
domain waveforms and to veyithetime-domainstructure of the emitted waveforms

We alsousedthevector network analyz€WNA) (Figure22) to measure the insertion gain of the
receiving antenna feed netwdhat incorporatetivo cables and the LNA. The VNA data
enabled us to convert the spectrum analppererreadings directly to #htransmittecEIRP

levels The details of this feed system calibration are described in sécfiai Appendix A.

We also used the VNA to perform theaBtenna calibration, which ¢escribed in detail in
sectionA.2 of Appendix A. We used three different combinations of the dish antenna and two
DRH antennas to perform three insertion gainsneaments between selected pairs of these
antennas. The three sets of insertion data were then applied o(424)Xo obtain the gains as

a function of frequency for each of the three antennas. The resulting antenna gains were then
converted antenna flrs using (A.; theantennaelates the antenna port voltageshe
incidentelectric field

The feed line loss data and antenna factors were incorporated into a customized MAATLAB
script, along with the measured spectrum analyzer data to computsulmgeEIRP levels.
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Figure22. Test instrumentation for the radiated emissions measurements. The oscilloscope is
located on the right, and the spectrum analyzer is on the bottom left. The vector network analyzer
is located orhe top left.

3.4Computing EIRP from Spectrum Analyzer Readings

The key parameten theseradiated emissionsasthe effectivasotropicradiated powefs]. The
EIRPwascomputedrom the measured spectrum analyzer datag thesevenstep process
shown inFigure23. The steps incorporalea combination of both calibration corrections and
theoretical calculationg.he processtartedwith the measured spectrum analyzer data. We then
appliedthe feed network calibraticand calculaté the voltages at the quit port of the

receving antenna. Wesel the antenna factor calibration data to infer the incident electric field
at the antenna aperture plane. Next, we calaithte planewvave electromagnetic power density
at the aperture plarfeom the electric fied valueg6]. In the final step, wenultiplied the power
density by the surface area of sphefreadius D, the distance from the antenna aperture to the
SLIMS antena.

We provide a detailed analysis in Appendix B starting from fundamental equations and pertinent
calibrationfactors. The final result of this analysis is given in (B.6).

22











































































































































































	Figures
	Tables
	Abbreviations/Acronyms and Symbols
	1  Introduction
	1.1  Background
	1.2  ITS EMC Tests

	2  Conducted Emissions measurements
	2.1  Wideband Time-Domain Conducted Results
	2.2  Influence of the Number of Bursts on Swept Measurements
	2.3  Frequency-Domain Conducted Measurements
	2.3.1 Spectrum Analyzer Settings
	2.3.2 Conducted Swept-Frequency Results
	2.3.3 Conducted Emissions Characteristics and Emissions Designator

	2.4  Zero-Span Spectrum Analyzer Measurements

	3  Radiated Emissions Measurements
	3.1  Methodology and Overview
	3.2  Antenna and Radome Configurations
	3.3  Measurement Instrumentation
	3.4  Computing EIRP from Spectrum Analyzer Readings
	3.5  Overview of Measurements Performed
	3.5.1 Swept-Frequency Measurements

	3.6  Radiated Emissions Characteristics
	3.7  Comparisons with Selected NTIA and FCC Emissions Limits
	3.8  Radome Measurements-I
	3.9  Azimuth and Elevation Patterns
	3.10  Zero-Span Emissions Measurements
	3.11  Radiated Ultrawideband Waveforms
	3.12  Radome Tests-II

	4  Conclusions
	5  Acknowledgements
	6  References
	Appendix A:  System Calibrations
	A.1  Feed System Calibrations
	A.2  Antenna Calibrations

	Appendix B:  Expressions for Effective Isotropic Radiated Power

